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EFFECT OF HORIZONTAL~TATL POSITION ON THE HINGE MOMENTS
OF AN UNBALANCED RUDDER IN ATTITUDES
SIMULATING SPIN CONDITIONS

By Relph W, Stone, Jr. and Sanger M, Burk, Jr.
SUMMARY

An Investigation was made in the Tangley 15-foot free—spinning
tunnel to determine the effect of horizontal-beil position on rudder
hinge moments in attitudes simvlating spinning conditions. Hinge—

moment measurements were mude on en unbalanced rudder on a rsctangulsr

vertlcal tail for six positions of the horizontal tail. The hinge—
uworent measurements were supplemented by tuft tests to destermine the
alr flow about the vertical tail. ) )

The results of this investigation are tased on the rudder-pedal .
forces of the airplane witunout regard to the effectiveness of the
rudder In producing recovery from a spin. In general, the results
indiceted that a low rearward position of the horizontal tall gave
the smellest rudder hinge-moment coefficients, which, in turn,
indicated that the rudder ghielding was greater for this position of
the horizontal tail than for other positions. Conversely, a high =~
forward position geve the lergest rudder hinge-moment coefficients,
which indicated the least ruddor shielding for this horizontal—€tall ™
position, The results of tuft observabtions of alr flow about the
vertical tall substantiasted thesge resuvlts. The rudder hinge-moment
coefficients generslly decrsased in megnitude with increased angle
of atback for all horizomtal—tail positions. The effect of rudder
deflection on rudder hinge-moment coefficlent was not appreciably
affected by the horizontal-tall positions except in very flat spins.
Computetlons of rudder—pedal forces based on the results of the
tests and upon emplrical drag-coefficlent deta of spinning models
indicate that for all teil positlons the highest forces are obtained
at the lowest angle of attack in the spin. The pedal forces for
airplanes in the light—elirplans category are well within the capabili-
tles of the pilot for all angles of attack. For heavier sirplsnes,
the rudder may require some form of belance, particularly if the spins
are steep.



8]

NACA TN Ho. 1337
INERODUCTION

The problem of gpin recovery is cocnaldered to be one of great
importance for all airplare dssigns. Methods of cbtaining effective
tall dgsigng for spin recovery of airplanes have been presented in
reference l. Such tall deslgns, however effective, do not produce
recovery 1f the conbtrols cannot be moved as such movement is
- gonsrally necessary for recovery. Ths control forces of either the
elevator ar the rudder may be excessive end thus recovery may be
pravonted., Bstimablons of elsvabor hinge mcmwents and the corresponding
stick forces in spins have been presented in reference 2. The present
Investigation was undertekon tc provide general information on the
pedal forcop in spins witkhout regard to the effectiveness of the
rudder in produclng recovery. _

At the high angles of atbtack encountered with a spinning airplane
the vortical tall may be shielded by the horizontal tail, fuselage, or
wing. The preosent investigation provides information on pedal forces
ir spins with particular reference to the effect of the position of
the horizontal tall. The wake of the hcrizontal tail may shield the
vervicel tail and influence the rudder control force - the extent, in
general, depending on the relative positions of the horizoutal and

vertical tails.

The tests were performed in the Langley 15-foot free—spinning
tunnel with an unbalanced rudder and elevator on rechbangular vertical
and horizontal tails. Tre hilinge-mcment measurements were supplemented
by tuft teats to determine the gensral nature of the air flow about
the vertical tail at high angles of. attack. Six different positions
of the horlzonbtal tail were inveabigated as well as the vertical tail

alone,

COEFFICIENTS AND SYMBOLS

Cp  rudder hinge-mament coefficient (H/qby8.>)
Cx drag coeificient of airplane (D/qS)

¥ rudder—pedal force (positive when push Fforce is on right rudder
pedal), pounds

H Tudder hinge moment (pusitive when it tends to deflect rudder
4o left), foot-pounds

' -
q dynamic pressure, pounds per square foot (E%i>
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o) maas denslty of eilr, slugs per cubic footb
Y true rate of descent, feet per secomd
by rudder height, feet _
[ root—mean—square chord of rudder (rearward of hinge axis), feet
D drag of airplane, pounds
wing area, square feet
W noymal grogs welght of airp;ané, pounids
1,  total rudder—pedal trével'(aésumed-as Q.84 ©t), feet

B rudder deflection with respect to fin (positive when trailing
edge 1s to left), degrees

o angle of attack referred to chord of horizomtal tall, degrees

¥ angle of yaw (positive when nose of airplane is to right of
Plight path), degrees . -

B angle of sideslip (positive when relative wind ccues from

right of plane of symmetry), degress

Ch6 rate of change of rudder hingeamoment coefficient with
r -rudder deflection

ch? _rate of change of rudder hingeemcment coefficient with angle
of yaw

APPARATUS

A plan view and é&ide view of the rectangular vertical and
hoarizontal talls used for the tests are presented in figure 1. A
' sketch of the model mounted in the Langley 15-foot free-—spinning
tunnel with a dashed outline of a fuselage sketched in fox reference
is shown in figure 2. Figure 3 is a photograph of the vertical tail
alone mounted in the tunnel. A photograph of the tail assembly with
the horizontel tail in & typical position (low center position) in the
tunnel is presented in figure 4, The talls were made of laminated
mshogany and had NACA 0009 airfoil sgctions; and the elevstor and
rudder chords were 33.3 percent of ithie airfoil chord. The gaps
between the movable and fixed surfaces were unsealed. The elsvator
and rudder had no serodynemic balance. The rudder, however, was mass
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balanced so that no mament would be exerted om the strain gage because
of ths welght of the rudder.

The six combinations of the horizontal tail mounted on the vartical
tall are sketched in figure 5 and are as followas:

Positicn I: The low forward poslition for which the chord line of
the horizontal taill was 1 inch above the bottam of the vertical tail
and the elevator hinge line was forward of the rudder hings line by
approximately L rudder chord.

Position IT: The low center position for which the chord line of
the horizontal tall was 1 inch above the bottom of the vertical tall
and the elevabor hinge line coincided with the rudder hinge line.

Position ITI: The low rearward position for which the chord line
of the horizontal tail was 1 inch above the botbom of the vertical tail
and elevator hinge line was rearward of the rudder hinge line by 1
rudder chord.

Pogition IV: The high forward position for which the chord line
of the horizontal tall was at a height midway of the vertical tall and
the elevator hinge line was forward of the rudder hinge line by approxi-—
mately 1 rudder chord. .

Pogitlion V: The high center position for which the chord lino of
the horizontal tell was at a height midway- of the vertical tall snd
the elovator hinge line coincided with the rudder kinge line.

Position VI: The high rearward position for which the chord line
of the horizontal teil wae at a height midway of the verisical vall and
the elevater hinge line was rearward of the rudder hinge line by L
rudder chord.

The dimensional characteristics of tkhe horizontal and vertiocal
taells are as follows:

Vértical-tail gurfaces:

Total area, square InChos + « « o s o 4 o s o o o « » » 216
Span, 10CheS + 4 4 & 4 4+ s b o o e e e o o 0 0 & o . 18
Chord, INCHOB « o 4 « o « ¢ o o o ¢ o ¢ ¢« « ¢ o o s + o 12
Rudder root-mean—square chord, inches . ¢« v v o o » o o 4
Agpect Yatlo ¢ 4 4 st 4 e b b e e 6.0 s s s s e 0 o 1.5
Ruvdder area for poeitions I, II, IV,

and V, square Inches . . « o o o ¢« « s s o o o .6 o &« T2
Rudder arca for position ITI, square Inckes . . . . . 65.25
Ruddsr ares for positvion VI, square inches . . . . . 67.00
Alrfoll section + o v 4 « o« ¢ « ¢« o s+ o « » « » o NACA 0009
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Horizontal tall swfaces: .

Total area, sguare INCHEE . o «%v 4 + o » o o o+ o o o ULk,26
Opan, INCHOE 4 o o o o ¢ o o o o v v e o 00 0. 36
(:hord._nches.... e % £ 3 ¥ 8 @ &8 s w8 € & v w2 12
Agpect ratio . ... . . f e e e e e e e 3.13
Elevator area, square AOGHOB .+ v v e e e e e e e . . 190.9%
. AIPFOLL BOCHAON » es o o o o o o o 0 v 0 0 s 0« . JHCAOMG

. Beceuse of congtruction dlfficulbies, the horizontal tail -was
actually moved 4,38 inches forward of the rudder hings line for the
forward position, whereas in the rearward position it was 4.0C inches
(1. rndder chord) rearwaxd of the ruddser hinge line, FHor the two .
roarward positions of the horizontal tail (posit'}.ons IIT and VI)
cut—oubts were necessary in the lowsr and center paris {respectively)
of the rudéder to allow it to swing over the stabilizer. (See fig. 1.)
A second rudder was constructsd with cubt-outs for these reerward
horizontal—tail posiltions. A cut-out, made in the elevabor (ilg, 1)
to allow the rudder to. awing throvgh ite desived range ibr horizontal—
tail posgitions II and V, was retained for cll other _ta_ll_ pesitions.

The elevator and rudder were held by a frictlon clemp at the
deslred deflection on the hinge rod, and all dsflections were set
by templets. The rudder hings moments were umessursd elecirically
by a strain gage. This gaze wes calibrated by applying a serlies of
nown moments to the ruddswr.

The tutts used to detormine the gemeral neture cf the air flow
about the vertical tall were fine silk threoads appruximetely l%; inches

in length. Two rowes of tufte at approximately l--inch intervals were
attachsd to sach side o thne verticsl tull by Scotch cellulcese tape,

one row was placed alonzg the fin and the other was placed elong the
rudder.

TESTS

The tests were conducted in the Langley 15-foot free-sp:hming
timnel which has a turbwlence factor of 1.78. All tests were nade
gt & dynamic pressure of 2.66 pounds per squave >oot, which corres—
ponds to an alrspeed of 32.3 mlles per hour under Suanda]'.'ﬂ. gsea lovel.
conditions.

The attitude of the tall assenbly was varied to glve tha desirgd
angles of abtack and sideslip. The angle of sideslip was similated by
the anglo of yaw as shown in figuwre 2. The desired valves of sideslip
were obtalned by yawing the model abouvt the stebllity Z—exis, which is
perpoudicular to the wertiocally rising alrsbtream. Whe stabdbility mxes
are deflusd ss an orthogonal system of axis in which the Z-exlis is in
tho plene of symmetry and perpondicular to the relative wind, the X-exis
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1s in the plane of symmetry and perpendiculsr to the Z-axis, and the
Y-axis is perpendicular to the plane of aymuetry.

Hinge-Moment Tests

In order to simulate spinning conditions for tho hinge-mcment tests,
the model was tested throughout an angle—of-ettack range from 0° to 90°
in 10° increments and through a yaw range of 30° to —30° in 10° incre—
ments. The angles of yaw as set on the model may be interpreted as
angles of sideslip that would be encountered at the teill of an airplane
in a spin., The actual angle of sideslip is equal in magnitude to the
angle of yaw but has the opposite sign. The angles of attack as set
represent the angles of attack of the stabilizer and not angled of attack
of the vertical tall as an airfoil, The rudder at each angle of attack
and yaw angle was deflected from 0% to 30° in 10° increments. For the
foregoing conditions, the vertical tail was tested with the horizontal
tail in each of the six positions and also with the horizontal tail
removed. The elevator deflection was zero for all tests.

Ag there was no fin offset, results obtained with a positive rudder
deflection may also be considered as representative of negative rudder
deflection provided the hinge-moment coefficient signs are reversed.
Each configurstion, therefore, represents a spin with the rudder set
eltber with e&r againet the spin. For example, a negative angle of yaw
with left rudder may be considered as representative of outwerd sideslip
in a left spin with rudder with the spin or of inwerd sideslip in a right
spin with rudder against the gpin, Similarly, a positive angle of yaw
with left rudder may be considered as representative of outward sideslip
in a right spir with rudder against the spin or of inward sideslip in a
left epin with rudder with the spin. Table I shows in detail how the
varicus flgures may be interpreted for a right or left spin and how the
angles cf yaw may bho interpreted to represent sideslip.

Tuft Tests

Tuft tests were made on the vertical tall for various positions of
the horizontal tail and for the condition with the horizontal tail
removed. These tests were arbitrarily made ab an%les of attack of 0°,
10°, 20%, 50°, and 80° and for angles of yaw of 0° and —15° when the
horizontal tail was installed and for Oo_and £20° when the horizontal
tall wes removed,

CORRECTIONS

No corrections werse méde.for the effect of the tunnel walls on the
tail surfaces as the size of the surfaces was small compared to the
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dlemeter of the tunnel and ths correcticns would therefore be negligible.
Strut interference effects have also been neglected. At filrst the
rectangular wooden arm which supported the vertical tall (fig. 3)

was expected to cause an incressc in the effectlve aspect ratlo of the
vertical tail., The hinge-moment tests with the horizontal tall removed,
however, gave coefficlents of the order expected for a rudder on a tall
of aspect ratio 1.5 es compubed exclusive of the supporting member which
indlcates negligible interference effects.

RESULTS AND DISCUSSION

. Rudder Hinge Moments

Rudder hings-moment coefficlents obtained from tests of the
vertical tail in various combinations with the horizontal tall are
presented in figures 6 to 14, In order to show the shielding effect
of the horizontal tall on the vertical tail, the hilnge-moment cosf-—
flcients obtained from tests of the verticel tall alonoe have been
plotted on these same figures. . The analysis of these data 1s based
on esrbdynemic forces on the rudder withoub regard to any frictional
or centrifugal forces that may exist on the airplane control surfaces
in a spin.

Effoct of sngle of athack on rudder hinge-momsnt cosfflclentg.—
The variation of rudder hinge-moment coefficient with angle of attack
for various positions of the horizontal tail and with the horizontal
tall removed are presented in figures 6 to 9. The rudder hinge-momert
coefficlonts for all positions of the horizontal tail decresased in
magnitude from those for the vertical tail alone; this amount of
decrease Increesed, in gemeral, with engle of attack. The coefficients
changed with angle of attack so that they genmerelly approachaed the 1ine
of zero hinge~moment coeffilcient et very high angles of attack.

In a very few cases the hinge-moment coefficlents of the rudder
in the presence of the horizontal tall changes sign from those of the
ruddsr alone. Thls tendency ls analogous to overbalancing in that the
rudder tends to float in the dlrection opposite to that expscted.

In general, the high forward position of ths horizontal tail
(position IV) led to the highest values of rudder hinge-moment coefficient,
whereas the low resrward position (position TIT) 1led to the lowest va.lues.
These results indicate that position IV produced the least rudder shielding
or blanketing effect, whereas position. IIT produced the most shielding
The shieldling effect of the horizontal tall on the verticel taill was small
at low angles of attack (0° to 10°) but increased as the angle of attack
increased. The relative dlfference in the shlelding effect caused by
tail position was small at low angles of attack (0° to 20°) but generally
increased as the sngle of attack increased up to angies of attack of
about 80°, beyond which the relastive difference tended to decrease arain.
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Effect of rudder deflection on rudder hinss-moment coefficients.—
The variation of rudder hinge-moment coefficient with rudder defloction
for various angles of yaw is presented in figures 10 .to 12. These
figures are cross plots of Ffigures 6 to 9 Tor a range of angles of yaw
most commonly encounbersd in spins. The slope Chb weg not greably
T

affected by the instellation of the horlzontal tall on the vertical taill
or by the various positions of the horizontal tail at low and moderate
angles of attack bub decreaeed negatively en appreciable amount at high
angles of attack (60° and 80°) which simulate the conditions for very
flat spins,

Effect of yaw on ruddsr hinge-—moment ccefficients.— The variatlon
of rudder hinge—momsnt coefficient with angle of yaw for rudder deflec—

tions of 0° and 30 is presented.in figures 13 and 1k, The specific
rudder deflections of 0° and 30° were choson to represent neutral and
full rudder deflection in a gpin. These figures were obtained by cross—
plotting from figures 6 to 9. '

The slope Chw- wag not apprecisbly affected by the instal}ation

of horizontal tail at low angles of attack. Tn the normal spirning

renge of angle of attack (30° to 50°) and for high anglos of attack,
however, there was a marked change in the slopes., As previously indicabed,
the sloype Chsr- wag not.affected in the normal range of angle of abtack.

Thersfore, the direct effect of shielding of ﬁhe rudder by the horizontal
tail in the normal spinning rangs of angle of atback 1s to change the
values of ch\lf

Tuft Tests

Some indicatlion of the shielding effect of the horizontal tall on
the vertical tall was obtained from tuft observations, The results of
the tuft tests ars presented in figures 15 to 21, The photographs alve
some indicetion of the shielding effect of the horilzontal tail on the
vertical tail and in general substantiate the results of the hinge—
moment tests,

Application of Hinge-Moment Data

The hinge-moment coefficients presented herein may be used to
agtimate the. rudder-pedal forces required to reverse the rudder on an
airplane in a spin, provided that the angle of attack and eideslip at
che tall are kmown. The rudder—pedal force 1is

8.1

1801,

F = Cuac, 'b-_(-
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In a steady spin the weight of an airplane equals its drag; therefore,

= CpaS
or
By substitution, then, - -
F o C-W/S* 5, Bpm "

i & D, -
Bp r "rif0i,

The variation of drég coefficient with angle of attack for a spinning
airplane is given in Tigure 22. This curve was determined frem an average
of experimentel values cbtained from spin~tunnsl tests of numerous models.

e

In order to l1llustrate this method of compuiing the rudder-pedal
forces for o specifig design, the following example is given. Consider
an alrplans -that has a tall cenfiguration similar to the high rearward
posttion. of the horizantal tail (position VI), a normal gross weignt of £000

pounds,- & vwing area of 270 square fest §»= 29.6 1b/sq fﬁ), and a vertical

tall avea ¢f 25 .square feet. Assume that the alrplane is spinning to the
ri -ab an-altitude of 15,000 feet at gn angle of attack of 30° with
outward sideslip at the tail and that the rudder is deflected 300
against the spin. From figure 22, the drsg coefficient is found to be
0.74. The rudder~pedal force can now be determined. The total pedal
travol is assumed to be 0.54 feet and the total rudder deflection, 60°.
The rudder dimensions are.assumed to be proportional to those of the
modsl used in the current tests (by, 6.12 £t and Tp, 1.36 f3). Fram
table I, if the airplane 'is assumed to be in'a right spin, the rudder
30° sgalnst the spin, and the sidsslip 20° outward, the Tigure that
applies to thls condition can be detormined. In this case, the figurs
is 9(b) ‘and the value of the hinge-mament coefficient is —0.255. Thus,
substituting this velue in the force formmla (equation (1)) gives a
rudder~pedal force of —-222 pounds, This push force is that whichk is
required o2 the left pedal to move the ruider fully against the spin.

In order to determine the magnitude of the rudder-pedal forces
likely to be encountered with airplanes in & gpin, computations have
been made for three representative sizes of airplanes for different
horizontal~tail positions and for the vertical tail alone. The airplanes
represented are light—airplane, fighter, and light—bomber types. Weights
of 1500, 10,000, and 20,000 pounds were chosen, respectively, for these
types. The wing areag used for the three types were 165, 305, and h75
squere fest, respectively, and respective vertical tall areas of 12 0,
28.5, and 55.5 square feet were used. Those areasg were_determined from
an average of areas for numerous airplens designs tested in the spin
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tunnel. The proportions of the vertical tail and rudder werc assumed p
to be proportional to those of the modsel used for the current hinge—

moment tests, For these computations, the angle of sideslin assumed

was zero, the rudder deflection used was 30°, and the valus of p was
arbitrerily taken at an altitude of 15,000 feet. The results of the
computations are plotted on figure 23. '

For alrplanes in the light-sirplane category (fig. 23(a)), it
appeers that, for any position of the horizontel tail or for the
vertical tail alone, the rudder-pedal force reduired to set tho rudder
against the spin in no case exceeds 140 pounds., This force is much
smaller than the maximum of approximetely 40O pounds that a pillot can
exert on a rudder pedal, (See reference 3.) Figure 23(a) also indicates
that the horizontel—tall position affects the rudder-pedal forces of
light airplanes only slightly, because the maximum force for any
horizontal~tail position or for the vertical tail alone 1is relatively
small, Only one curve was drewn through the numsrous points for the
various positions of-the horigzontal tall in thils particular figure.
Thus, for a light airplane it seems that the rudder-pedal forces
encountered 1n gpins should be well within the cepabilities of a pilot
regardless of horizontal-tail position. '

For larger and heavier airplanes {fig. 23(b) and 23(c)) the pedal
Torce 18 ghown to be larger at any glven angle of attack beceuse of the
larger control surface and because of the increase in rate of descont
in the spin. : :

L

If s filghter airplane spins at an angle of attack of 30° or greater
(fig. 23(b)), or if a light bombor airplans spins at en angle of attack
of 50° or greater (fig., 23(c)), the rudder—pedal force necessary to '
reverge the rudder at these attitudes should be within the pllotls
cepabllities. 3Below thess respective angles of attack, however, some
type of rudder—balance or booster system may be used to overcome the
excesgglve Torces. For examglq, in figure 23(c) a light bomber, spinning
at an angle of attack of 30° with the horizontal tail in the low rear—
ward position (position ITI), must have at least 30 percent of the
unbalanced rudder force balanced out in order to brinsg the pedal forces
within the limits of the forces that the pilot can exert.

In general, from an angle of attack of 10° to 40° (Iig. 23(b) and
23{c)), the force gredient for all horizontal—tall positions was very
steep, which indlicates that o small change in angle of atteck led to a
large change In pedal force. This result mey be taken as an indication
that, as the angle of attack decreases during the recovery, tho pedal
force required to maintain the rudder full against the spin increasges.
The low rearward position (position III) of the horizontal tail, in ' v
genersl, required the smallest pedel forco to reverse the rudder Ffully
or to maintain it full against the spin for any given engle of attack,



NACA TN No. 1337 i 11

wherseas the high forward position (positicn IV) reguired the largest
force. Spin-tunnel results have indicated that, for the low rearward
positions of the horizontal tail the rudder may be ineffective in
producing a recovery and, for high forward positions of the horlzontal
tail, the rudder is generally effective Iin producing a recovery. Thus,
for high forwerd positions of the horizontal teil maintaining the rudder
full againet the spin may not be necessatry to obtain a satisfactory
recovery, and such horizonbtal-~tail positions may therefore not neces—
sarily require large pedal forces for satisfactory recoveries.

CONCLUSTIONS

The results of the investigation to determine the effect of )
horizontal~tall position on the rudder hinge-moment coefficients ‘and
pedal~force chsracteristics of an unbalanced rudder with rectzngular
plan form in attitudes simulating spin ccnditions indicate the following
general conclusions withcut regard to the effectivensess of the rudder
in preoducing a reccvery:

1. The low rearward position of the horizontal tail gave the v/
smallest rudder hings—moment coefficients and pedel forces, which thus Vv
indicates that the shielding effect of this position was large relative
to the other horizontal-tall pcsitions. Conversely, tiie high forvard
pcsition gave the largest hinge—moment coefficients and padal forces _v//
which indicates that the relative shielding effect of this position was
small, Tuft observations substantiated these relative shielding effects.

2. Ths rudder hinge-moment cosfficisnts generally decreased with ,//
an Increase in angle of attack for all horizontal-tall positions.

3. The rate cf change of the rudder hinge-moment cosfficient with
rudder deflection was not appreclably affected by the horizontaLutail )
position except in very flat spins. -

4, The rudder—pedal force for a light airplane for recovery from “//
a spin should be well within the capeblllities of the pilot. For hkeavier
alrplanes, the rudder may require some form of balancse, particularly if

*he spins are steep.
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5. The pedal force required for full rudder reversal for recovery
from e spin increases rapldly as the eirplene englecof attack in tho v
spin decreases, especlelly at relatively low angles of attack.

Langley Memorial Aeronauticel Leboratory
Netlonal Advigory Committee for Aeronautics
Langley Field, Va., March 26, 19h7

REFERENCES

L. Neihouse, Anshal I., Lichtenstein, Jacob H., and Pepoon, Phillp W.:
Tail-Design Requirements for Satisfectory Spin Pecovery. NACA
TN No, 1045, 1946,

2. Seildman, Oscar, and Klinasr, J. W.: Elevator Stick Forces in Spine
as Computed from Wind-Tunnel Measurements., NACA ARR, Oct. 1Gho,

3. Gough, M. N., and Beard, A. P.: Limitations of tho Pilot in
Applying Forces to Airplane Controls, NACA TN lio. 250, 1935.



TABLE T

=
i
INTERPRETATION OF RUDDER HINGE-MOMENT COEFFICIENT CURVES FOR RIGHT £
=
OR LEFT SPIN 3
]
0
Rudder |—-'
doflection, 8, Direction of sideslip (right spin)b @
=3
With spin® 0 Trward Outward - —— .
Neutral ~——- - _—— 0 Outward Inward
Againgt spin 0 Oubward Inward ——— —— ——
Direction of sideslip (left gpin)
Wlth spin 0 Inward Outward ——— —— ——
Neutral ~— ——— —— 0 Inward Outwrard
Against spin® 0 Outward Tnward —— —— ——
Read. C 7(4) | 7(a), (b}, () | T(e)s (£), (&) | 6(a) | 6(a), (b), (c), | 6(e), (£), (&)
B 8(a) | 8(a), (b), (o) | 8(e), (£}, (a)
from figs~ | 9(d) | 9(a), (b), (c) | 9(e), (£), (8)
- aSign of rudder hinge-moment coefficient, deflection, and anglo of yaw must he reversed
for this condition, '
bSideslip at the tall of the airplane is opposite in sign and equal 1n magnitude to values of
¥ presented in figures.
NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS &



NACA TN No. 1337 _ Fig. 1

: 0.54"R
- 4

W
1.08"

/8//
(test section) /_Q rudder hinge

AR
/

m
||

Mounting arm— Cut-out for

¥ A= \ strain gage
7 | - L*I‘l
/

I
4 |
Section _[6” A~

w
I

b2

l

A-A Cut-out for J
mass balance
) - \Vertwal tar/
Removable parts to .
allow rudder to swing
across horizontal tail -
WA ”
'z ﬂ\r-— 4
Tip — f
| Root
¢ rudder hinge _/ le— 9]
: Rudder
Ch Ord /lﬂi 7.75%1%7//#%
\_/
Jectrons B8 qnd C-C
¢
| "
I“ / 8 {...C _1
¢ elevator — 1 -—Z-é-" : .
hlnge —\ | ‘ /2 "
60°— e TE
3 6 ! NATIONAL ADVISORY
Horizontal toi/ COMMITTEE FOR AEROKAUTICS

Figure 1.- Plan and side views of the rectangular vertical and
horizontal tails. Dimensions are full scale. '




Fig. 2

NACA TN No. 1337

Figure 2,-
fuselage of airplane sketched in for reference.

Direction
of alrflow

Tunnel

wall—\

g\

<>

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Horizontal and vertical tail in attitude simulating spin with

direction of positive values of angles.

Arrows indicate



NACA
LMAL 42968

Figure 8.- Vertical tail mounted in Tangley 15-foot free~spinning tunnel.

LE8T "ON NI VOVN

g "3td



ABET "ON NI VOVN

Figure 4.~ Photographs of vertical tajl with horizontal tail in position II.

¥ 314




NACA TN No. 1337 Fig. 5

Vertical tall

7

- —

- === | <=

Horizontal tail

Posltion I Position II Position III
(low forward) (low center) (Low rearward)

'629-— <—== _6:"’
Position IV Position V Position VI
(high forward) (high center) (high rearward)

Figure 5.~

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Sketches of vertical tail in six combinations with
horizontal tail. '



Fig. 6a,b NACA TN No. 1337

./ — '
L

=3 ' T )“O\é)\
4 i—y\

/3’0/—/ zonta/-

721/ oS/ 77077
=6 ™ D I
9 Z \.;
-7 b
SR 7 o
a 7 (a) ¥ =30°.
) /4
2ro mw
QO Vertcas tar/ o/omne J
S >
=/
&
:'2 ] -} ~—\
3 I xz
0

o020 30 #0050
e, deg
NATIONAL ADVISORY

(b) W= 20°C,  COMMTTEE For AERONAUTICS

60 70 &0

Figure 6.- Rudder hinge-moment coefficient as a function of angle of
attack at ﬁr = 0° for various angles of yaw and positions of

horizontal tail.



NACA TN No. 1337 " Fig. Bc-e

2
./
Ch /] : ’
lc)¥V=/0°
2
J
c, ¢
=/ -
Lz
2LtV z
N v/4 @) ¥=0"°,
R Vg /
Ir 4 yi/4
o) iA
2k L
O  VerFrcal/ Fa./ a/one
/ _L I r.
» I 5 \ = .)_——’\J
éb-\__(.

% o B—s—f=—g. ¢ /ffﬁ
</ 17 i -
2575 20 30 40 30 80 w0 B0 WD

CC') 0’89 NATIONAL ADVISORY

(6) yf - _/00. COMMITTEE FOR AERONAUTICS

Figure 6.- Continued.



Fig. 6f,g

NACA TN No. 1337

2=

0712007 7/-
a1/ POSIF 700

(F) W=-20°,

NNKN N~

T

/0 20

30

7)
x, deg

(g) ¥ = -30°.

Figure 6, -

m 80 S0
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Concluded.



NACA TN No. 1337 Fig. Ta,b
.z
C h 0
</
2 '\\'L
3 |
e
Vrd 72/~ .
-5l 7‘0//0 /2/023 /Zﬂ )\
|4 z
s J T %
st
A 17 (a) W =30°
G Y -
O L74
Jr . T T
O VerFrcal #o1/ ofore
0 |
+ -
Ch
=3 I35 ﬂ\
K O
5 - il
“~0 10 20 30 40 50 60 70 80 K~%s)
cc, de [ NATIONAL ADVISORY
(b)WY =20°. COMMITTEE FOR AERONAUTICS

Figure 7,- Rudder hinge-moment coefficient as a function of angle of
attack at &, = 10° for various angles of yaw and positions of

horizontal tail.



Fig. Tc-e NACA TN No. 1337

-3
Jz ]
% o oL : :
L
-/ B w.
2
3
(c)W=/0°,
J
o
Ch
</ ]
=2 -
AT
L 7 e
N ()W 0°.
A ¥
] v
2 ] O ¥ ;
0/7 y ©] Vcr;‘/caL/ 21/ 7lone /C-)

220 30 30 30 60 76 30 7]
o, deyg NATIONAL ADVISORY
(e ) W= _/0 (o] COMMITTEE FOR AERONAUTICS

Figure 7.- Continued,

r



NACA TN No. 1837 -

4

Fig. M,g

NATIONAL ADVISORY

(9) V _ -3 0 o COMMITTEE FOR AERONAUTICS

Figure 7.-

Concluded.

oL fa/-
2k Jlarzontal
B z
N Vi
4D Z
14 mw n
a X /
Sst9 7
O Vertrcq/ 7ai/ alone |
4 /
3 K.
2 X
) 1 >
0 : '
Yoo 20 30 40, 30 é0 w80 %0
oc, deg



Fig. 8a,b ‘ NACA TN No. 1337

o/

C
EEETSARN>
2 . , .

-3 ‘ ]
%
&
-5 \.1 2
A .
W o N
ey 1
0 : ~
=7+ D yrrg S
A v (aq) W=30°.
0 v
re wm o] |
QO VMertrcal farl alone
Ol— ; <
=/
Ch d : : : '
- — N
i ]

6T J0 20 30 60 70 &0 90

40 50
cc,deg '

NATIONAL ADVISORY
(h) W=20C. COMUTTEE For AERONAVTICS

Figure 8.- Rudder hinge-moment coefficient as a function of angle of
attack at &, = 20° for various angles of yaw and positions of

horizontal tail,



NACA TN No. 1337 Fig. 8c-e

(c)¥W=/0°.

11

-2 Har/zon
=3 Ta1/ ,oosn?

() YV =0°.

9§

H“EEQN

\
B
a
al
O]
©)

Veriecal F2// alone %
, | | S
0 :

»

2

720/020304050@0105090

e
oc J d y NATIONAL ADVISORY
(e) W==/0©,  COMMITTEE FOR AERONAUTICS

Figure 8.- Continued.



Fig. 8f,g NACA TN No. 1337 i

:z,~ fga/vpzoa \gf/o/n T
4 v (Fl=-20°.
N/ -
h 17
6r IV
) 74
o v
S 5 )
O Verkeal ta/ orone /
7 4

o.w \[‘P/ L.

</ .

FBOTTIOT20 30 40 L, 30 80 70 B0 00
oc,deg

NATIONAL ADVISORY
(9) W= = 3()C_  COMMITTEE FOR AERONAUTICS X

Figure 8.~ Concluded,



NACA TN No. 1337 | Fig. 9a

J
19}
-~/ /Eg\
. =
4_/ ‘ v"’A‘
_3 v N
c ) :':*;%‘" A , L7 T
/) v kf‘: | \ ] Z
Nt
= or1zon7a /- ;
7”0/ PosITIoN \(P\
sty I S
G 77
/4 \
~7+4a 7
A T
" v 7 D,
.:8 .
O Vertcol! Ffor/ glorne \(')
=9 y l |

o /0 20 30 40 S0 6o IZ 80 (07

cc, deg NATIONAL ADVISORY
(7)W= 30C, COMHITTEE FOR AEROAUTICS

Figure 9.- Rudder hinge-moment coefficient as a function of angle of
attack at 8, = 30° for various angles of yaw and positions of

horizontal tail,



Fig. 9b,c NACA TN No. 1337

i
[ 7“0/0[ Ifyg?/gon
=6
% I -
9 prg (b) W =2L0°,
) y//4 _
A 7
A v
dr O /4 T
O VerFco/ Far/ glone
o
< 7.
Ch
-2 g 7

5 = - ..

“~0 0 20 30 40 50 60 70 80 [*7]
cx, e

_ g NATIONAL ADVISORY
o
(C’) W= /0, COMMITTEE FOR AERONAUTICS

Figure 9.- Continued,



NACA TN No. 1337 Fig. 9d,e

J
0
5/
%
2
+3 :
L //ar/zan,;? -
741! position . mo
- 7 () \;V = 0°.,
d /g
Y yi/4
la! 174
) 74
.2 | G E I "
O Vertrcqg/ Far/ oforme 1
’ M |
17 J
Ch
2 ' o —
=3
o 20 30 40 JgP ¢ T 80 B
Cx) < 9 NATIONAL ADVISORY

() W =—/(°, COMMITTEE FOR AERONAUTICS

Figure 9.- Continued.



Fig. 91,g NACA TN No. 1337
3 . /L
2 /

J /C

C /7 -1 T

<15 !

2 : -

-3L 7"4/7/‘0/’%7'0/-0
U I (f) ¥=-20°.
J 7

o) i— A y//4
A -7

0 T )
O ¥

3.0 Vertreal 1o/ @one <

(#] /0 20 30 40 Q/ 50 b0 70 80 CH
&, qg¢g NATIONAL ADVISORY
(g) W =-30 ©  COMMITTEE FOR AERONAUTICS

Figure 9.- Concluded.

'



NACA TN No. 1337 Fig. 10a-d

A N

| 0 0
=7 U

G =

=

A
._5_/é/oc=/0ﬁ

Horrzortal-
721/ position
Uy I
9 Z
D Ir
- A I
A 7 J
O 7
- © Ver#ca! Y7/ alone
0 0
/6
C I :
% <2 ; .
ﬂ (N ¥
-
=5 re]
5o 5 30 =4 70 030
dl:) 5’5’9 (7;', Urgq
LA fc)oc =2 0°. (d)ec = 40°.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 10.~- Rudder hinge-moment coefficient as a function of rudder
deflection at ¥ = 20° for various angles of attack and positions
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Figure 11.- Rudder hinge-moment coefficient as a function of rudder
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Figure 12,- Rudder hinge-moment coefficient as a function of rudder
deflection at ¥ = -20° for various angles of attack and positions
of horizontal tail.
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Figure 1b.- Photographs of tuft tests performed on vertical tail alone in Langley 15-foot
free-spinning tunnel.
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Right spin

Figure 16.- Photographs of tuft tests performed on vertical tail in combination with horizontal
tail in Langley 15-foot free~-spinning tunnel. Horizontal tail is in position I.
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Figure 16.~ Concluded,
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Figure 17.- Photographs of tuft tests performed on vertical tail in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in position IL,
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Ieft spin

Figure 17.- Concluded.
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Figure 18.- Photographs of tuft tests performed on vertical tail in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in position I,
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Figure 18.,- Concluded.
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Figure 19.- Photographs of tuft tests performed on vertical tail in combination with horizontal
n

angley 15~foot free-spinning tunnel, Horizontal tail is in position IV.
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Figure 19.- Concluded.
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Figure 20,- Photographs of tuft tests performed on vertical tail in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in position V.
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Figure 20,- Conecluded,
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Figure 21,- Photographs of tuft tests performed on vertical fail in combination with horizontal
tail in Langley 15-foot free-spinning tunnel, Horizontal tail is in positicn VI.
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Figure 21.- Concluded.
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